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METHOD FOR THE CURRENTLESS CATALYTIC
PRECIPITATION OF ALUMINUM

BACKGROUND OF THE INVENTION

The present invention relates to a method for the

currentless catalytic precipitation of the aluminum of
aprotic alan complex baths on substrate surfaces.

It 1s known that titanium tetrachloride causes consid- 10

erable decomposition of aluminum-hydrogen com-
pounds. According to the method described in the Ger-
man Auslegeschrift No. 1,621,227, aluminum can be
precipitated, in the presence of a decomposition cata-
lyst, for example, one or several compounds of metals of
the group IVB and VB of the periodic system of the
elements, from an aluminum hydride compound such as
complex alkali-, earth alkali- or magnesium-aluminum
hydrides. It has been found, however, that such a cata-
Iyst does not adhere firmly on the substrate to be alumi-
nized. Hence, the catalyst separates in the aluminizing
bath from the substrate and results in the substrate being
coated unevenly. Often the catalytic layer is too thick,
and instead of the substrate being aluminized, the cata-
lyst is separated in the aluminizing bath from the sub-
strate and the immersion aluminizing bath 1s itself de-
composed. Therefore, a technically usable aluminizing
method cannot be realized in practice utilizing such a
process since certain prerequisites regarding the activa-
tion of substrates and the aluminizing per se are lacking.
Using the catalysts given in the German Auslegeschrift
No. 1,621,227, the substrate to be aluminized cannot be
coated with a firmly adhering catalytic film, a condition
which has been found to be required for the precipita-
tion of aluminum on the surface of the subsirate. The
materials named as catalysts in the German Ausleges-
chrift are not bonded to the substrate adsorptively, and,
hence, they separate off in the aluminizing bath.

SUMMARY OF THE INVENTION

It is accordingly an object of this invention to prepare
firmly adhering, dense and homogeneous aluminum
coatings on insulating and conductive maternals by cur-
rentless precipitation of aluminum in the liquid phase in
the presence of boundary surface-active catalysts, In
which the above-described disadvantages are avoided,
and in which the aluminizing bath used is not thermally
decomposed even at temperatures of about 100° C.
~ According to the invention, this and other objects are

attained by the provision of a process for the currentless

precipitation of aluminum wherein (1) the surface of a
substrate to be aluminized is activated in the liquid
phase by means of a dilute solution of a boundary sur-
face-active catalyst in a catalytic bath; (2) the activated
substrate is thereafter intensively washed in a rinsing
bath in aprotic solvents, preferably such solvents having
a boiling point above about 100° C.; and (3) aluminum is
subsequently applied by immersion of the activated
substrate in a solution of trialkylaminalane in a solvent
mixture of aromatics and high-viscosity aliphatics in an
aluminizing bath. Preferably, catalytic and rinsing baths
containing high-boiling solvents are utilized.

The boundary surface-active decomposition catalysts
utilized in accordance with this invention are only
slightly moisture-sensitive and have great catalytic ef-
fectiveness in the decomposition of alanes at low tem-
peratures. They ensure uniform activation of the sub-

strate surface such that the aluminum is precipitated
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simultaneously on the entire substrate surface. The cata-
lysts are drawn up from the liquid phase to firmly ad-
here onto the substrate, it being an advantage in many
cases that they are drawn up on the substrate as a film.
Utilization of the boundary surface-active decomposi-
tton catalysts according to this invention results in a

homogeneous aluminum coating being obtained.

As regards the substrate to be aluminized, suitable
insulating materials are, for example, glass, aluminum
oxide ceramics, hydrophobic teflon, silicon, silicon di-
oxide, and beryllium oxide ceramics, while suitable
conductive materials are, for example, copper, nickel
and steel.

DETAILED DESCRIPTION OF THE
- INVENTION

According to one embodiment of the invention, the
boundary surface-active catalysts may contain dilute
solutions of modified esters or acylates of titanium,
zirconium and vanadium, which are substituted at the
metal atom by short- and long-chain organic radicals.
Particularly well suited are esters and acylates of the
above-noted transition metals having short-chain alkyl
groups such as isopropyl and butyl. Long-chain alkyl
radicals having at least 8, and preferably 16 to 18, car-
bon atoms constitute a protective component against
moisture sensitivity, the protective action being based
on an increase of the hydrophobic properties of the
transition metal ester or acylate.

The mixed esters of the transition metals of titanium,

zirconium and vanadium can be prepared by addition of
the desired amount of the higher alcohol to a short-
chain ester such that partial substitution of the lower
alcohol by the higher one takes place. It is a particular
advantage of the method according to this invention
that the long-chain alkyl radicals of the modified esters
promote the formation of a film which enables the de- -
composition catalysts to be pulled up on the substrate as
a firmly adhering and uniform transparent film. The
same 1s also true for the acylates or the partially acyl-

ated esters. It is a significant advantage of the method
according to this invention that the degree of condensa-
tion of the esters and acylates has no dominant effect on
their catalytic effectiveness.

Although the use.of the pure esters for activating is
possible in principle, the use of the mentioned catalysts
has nevertheless been found as particularly advanta-
geous in high dilution, i.e., in concentrations in the
range of preferably 1 X 10—*to 2% by weight.

The polarity of the solvent can also exert a significant
influence on the boundary surface activity of the de-
composition catalysts and, thereby, on the uniformity of
the aluminum plating. Non-polar solvents, preferably
aliphatic hydrocarbons having 5 to 15 carbon-atoms
have been found to be particularly well suited.

For aluminizing glass, metal alkyls of the above-men-
ttoned transition metals have feen found to be particu-
larly well suited. In other cases the metal acylates or

acylated metal alkyls of the above-mentioned transition
metals stand out as particularly advantageous. .

A very special advantage of the catalysts used in -
accordance with this invention is the fact that there are
no halogen 1ons or alkali metal ions which might have a
negative effect on the electrical properties of p-n junc-
tions. The catalysts and process of the present invention
are, therefore, particularly well suited for aluminizing
electronic components.
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According to another advantageous embodiment of
this invention, a firmly adhering, film-forming and rela-
tively moisture-insensitive layer having an activating
effect can be generated on the surface of the substrate
material to be aluminized by immersion of the substrate
in a solution of chlorides of the transition metals of the
IV and V secondary groups of the periodic system of
the elements, preferably titanium tetrachloride, and
water-containing metal soaps of polyvalent metals, pref-
erably aluminum soaps. This method of activation is
particilarly advantageous in the case of substrates
which are soluble or swellable in hydrocarbons and
therefore cannot be sensitized with the earlier-men-
tioned activation method.

In accordance with one preferred embodiment, an
ether solution of water-containing aluminum tripalmi-
tate and titanium tetrachloride 1s used for activating the
substrate. Other suitable metal soaps are, for example,
water-containing aluminum tristearate, mono- or di-
stearic acid derivatives and other water-containing
soaps. |

The decomp031t10n catalysts and the soaps may be
present in solution in varying ratios. However, the con-
tent of decomposition catalyst in the solution 1s always
higher than that of the soap molecule. The solutions
contain between about 1 X 10~ to 1 mol, and prefera-
bly 0.001 to 0.006 mol, of the metal {(e.g., aluminum)
soap per liter of solution, the amount of decomposition
catalyst being thereby chosen accordingly. The ratio of
the metal soap to the decomposition catalyst is prefera-
bly in the range between about 0.0C05 to 0.0035. The
water content of the catalyst system is between about 1
X 10—% and 3% by weight. It is surprising that such
combinations are boundary surface-active catalysts for
the precipitation of aluminum from alane complexes.
The catalysts pull up onto the substrate uniformly from
solutions as transparent, extremely thin films.

In the process step following activation of the sub-
strate, i.e., the intensive washing of the activated sub-
strate in aprotic solvents, the catalyst particles locsely
adhering to the substrate are removed. In this manner
the aluminizing bath 1s not decomposed when the acti-
vated substraiec 1s immersed therein. This intensive
washing process also makes possible subsequent homo-
geneous and firmly adhering aluminization by immer-
sion, particularly as to those substrates having depres-
sions. On the other hand, the activity of the catalysts 1s
not degraded as regards the decomposition of alumi-
num-hydrogen compounds by this intensive washing
process in organic solvents.

For carrying out the method according to this inven-
tion, the activated substraies are intensively rinsed in
high-boiling solvents, preferably such solvents having a
boiling point above about 100° C. After the rinsing, a
hydrophobic moisture film remains on the activated
substrate surface which additionally protects the cata-
lyst against moisture.

According to the invention, the activated and inten-
sively rinsed substrate is subsequently immersed 1n an
aluminizing bath having a temperature of from about
40° to 100° C., and preferably, from about 60° to 8G° C.
In the process, a dense, homogeneous and firmly adher-
ing aluminum layer i1s deposited on the substrate within
I to 2 minutes. -

According to this invention, the aluminizing. bath
contains trialkylaminalane in a solvent mixture of aro-
matics and high-viscosity aliphatics. The bath is easy to
handle and not flammable. A 0.2 to 10%, and preferably
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1 to 4%, alane bath solution is used, preferably with a
volume ratio of aromatics to aliphatics in the range of
4:1 to 3.7.

In accordance with the method of this invention,
insulating and conductive materials and components,
for example, electrical components and reflectors,
which may be subjected to special pre-treatment de-
pending upon the material, can be aluminized homoge-
neously with firm adherence.

The invention will be explained in further detail by
the following examples.

EXAMPLE 1

Different substrates are immersed at room tempera-
ture for 1 minute in a catalytic bath which contains, per
liter of diethyl ether, 0.045 mol TiCl, and 0.0022 mol of
water-containing aluminum tristearate. The aluminum
stearate contains 0.5% water. The activated substrate is
removed from the catalyst solution (which has a deep
red-brown color), and is intensively rinsed for 4 minute
in diethyl ether. The substrate so treated is lowered for
1 minute into an immersion bath at 80° C. which con-
tains 2 g trimethyl aminalane dissolved in 88 ml of a
solvent mixture of toluene and paraffin oil (DAB 7) in a
volume ratio of 30:70. After removal from the aluminiz-
ing bath, the substrate is uniformly coated with a firmly
adhering coating. |

In the following Table, a number of the substrates
utilized and the appearance of the coating obtained are
summarized: |

Substrate Appearance of the Aluminum Coating
Glass mirror-like

Copper (polished) mirror-like

Nickel mirror-like

Sheet steel (sandblasted) silver-bright, dull

Al>03 ceramics mirror-like

silver-bright, dull
silver-bright, dull

BeO sintered ceramics
Teflon (made hydrophilic)

EXAMPLE 2

In a manner similar to Example 1, a glass substrate is
immersed in a 0.045 m catalyst solution of TiCly in di-
ethyl ether, to which 0.0022 mols of aluminum hydrox-
ystearate were added. After intensive rinsing of the
activated substrate in ether at room temperature, mir-
ror-like, firmly adhering aluminum is uniformly precipi-
tated on the substrate surface in the above-described
aluminizing bath of Example 1.

EXAMPLE 3

Similarly results are also obtained if a copper sheet is
immersed 1n a 0.045 m catalyst solution of TiCl, in butyl
cther, in which additionally 0.001 mols aluminum oleate
were dissolved. -

For comparison with the above-mentioned examples,
a glass substrate was catalyzed in a 0.045 m solution of
T1Clg in diethyl ether without the addition of one of the
above-meniioned aluminum soaps. After intensive rins-
ing of the activated substrate, scarcely any aluminum is
precipitated on the substrate surface in the trime-
thylaminalane bath. Only in some spots can extremely
thin, non-coherent aluminum be found.

If one carries out the same aluminizing test without
rinsing the catalyzed substrate, the catalyst which ad-

- heres loosely to the surface of the substrate quickly

separates in the aluminizing bath. Instead of an alumi-
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num coating on the substrate, one obtains a rapid de-

composition of the alane bath, while grey, powdered

aluminum 1is precipitated. The same phenomenon also
- occurs-in other alane baths.

EXAMPLE 4

A silicon wafer made hydrophilic is immersed in a
0.045 m catalyst solution of TiCl, in a solvent mixture of
60% by volume diethyl ether and 40% by volume hex-
ane, to which 0.002 mol aluminum tristearate are added.
After intensive rinsing of the activated wafer in a sol-
vent mixture of 50% by volume ether and 50% by vol-
ume hexane, the silicon so treated is uniformly coated
with mirror-like aluminun 1n the above-mentioned alu-
minizing bath of Example 1. It is of special interest that
the chemically precipitated aluminum adheres to silicon
considerably better than alumtnum which is vapor-
deposited at the same substrate temperature. -

EXAMPLE 5

The procedure described in Example 4 was repeated
using iron tripalmitate as the catalytic component is
place of aluminum tristearate.

The shiny aluminum coating obtained adheres well to
the substrate.

EXAMPLE 6

An anodically oxidized aluminum sheet is immersed
in a 0.045 m solution of TiCly in diethyl ether which
contains addltlonally 0.001 mol stearic acid. The acti-

vated substrate is rinsed intensively in ether. After im-
mersion in an aluminizing bath as in Example 1, it 1s
uniformly coated with aluminum. |

EXAMPLE 7

The procedure described in Example 6 is repeated
using palmitinic acid in place of stearic acid as the cata-
lytic additive.

EXAMPLE 8
The procedure described in Example 6 is repeated

using oleic acid in place of stearlc acid as the catalytic

additive.

EXAMPLE 9

After first being degreased in chromic sulfuric acid,
rinsed in water and dried, a glass substrate is immersed
in a catalyst solution which contains 0.0045 mol TiCly
and 0.001 mol of the mono-aluminum salt of the tet-
radecandicarbonic acid in one liter of a solvent mixture
of 60% by volume ether and 40% by volume hexane.
After intensive rlnsmg of the activated substrate in
ether, the substrate is immersed for one minute in the
above-described aluminizing bath at 80° C. After re-
moval from the aluminizing bath, the substrate is coated
uniformly with a firmly adhering aluminum coating.

EXAMPLE 10

A teflon strip which was first treated with EX T-9, is
immersed, after intensive rinsing with THF and water
and subsequent drying, in a catalyst bath which contains
0.0005 mol TiCl, and 0.0005 mol 12-ethoxy aluminum
tristearate dissolved in one liter of hexane. The acti-
vated material is intensively rinsed in hexane and subse-
quently immersed in the above-described alumininizing
bath. The aluminum is unformly precipitated on the
substrate surface.
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EXAMPLE 11

An oxxde-free copper strip is 1mmersed for 30 seconds
in a 2 X 10~ mol catalyst solution of ethyl titanate in
hexane of 20 to 25° C. and thereupon is rinsed for about
the same time in the same solvent. Upon contact with the

- immersion alummlzmg bath described in Example 1 ,

the substrate is uniformly coated with an extremely
firmly adhering aluminum coating.

The same results are also obtained if the correspond-
ing compounds of zirconium or vanadium are used
instead of the ethyl titanate.

EXAMPLE 12

In the same manner as in Example 11, a silicon diox-
ide wafer is activated and aluminized, except for the
difference that the solvent of the catalyst and the rinsing
bath is n-octane. After the individual treatment steps,
the relatively non-volatile solvent then remains as a
hquid film on the substrate and protects the underlying
cata]yst layer from moisture. .

The same protective effect is also obtained if 1 to 2
drops of high-viscosity parafﬁn oil (DAB 7) are added
to the catalyst bath and the rinsing bath which contain

a lower-bmlmg solvent.
For comparison with Examples 11 and 12, stearyl

titanate and octyl titanate are used as the catalytic sub-
stances. Although these compounds decompose alane
compounds catalytically, they are not suited as catalysts
because of their boundary surface inactivity. If one
rinses a substrate after immersion in the catalyst bath in
an organic solvent, the catalyst dissolves completely in
the rinsing bath. If one omits the rinsing and immerses

‘the substrate coated with catalyst directly in the immer-

sion aluminizing bath, the catalyst likewise separates
from the substrate and immediately initiates the com-
plete self-decomposition of the aluminizing substance in
the bath.

EXAMPLE 13

In the same manner as in Example 11, a profiled glass
part with depressions is activated in a 1 X 10— m cata-
lyst solution of stearylethyl titanate in octane. After
intensive rinsing of the substrate in octane, aluminum
precipitates, firmly adhering, on the substrate surface in
the aluminizing bath.

Introducing the hydrophobic stearyl radical instead

~ of an ethyl group results in the catalyst bemg less sensi-

50 -

53

65

tive to moisture.

If the activated test piece with its depressions is
placed directly in the immersion aluminizing bath, the
catalyst solution, which is present in excess in the de-
pressions, runs into the aluminizing bath and initiates
the self-decomposition of the trimethyl aminalane.
Thereby, the bath rapidly becomes useless.

If, for comparison with examples 11 to 13, coordina-
tively acting solvents for the catalyst or the rinsing
baths are used, the boundary surface-activity of the
catalyst is lost and no activation or aluminizing of the

substrate 1s obtained.

EXAMPLE 14

In the same manner as in Example 11, a beryllium
oxide wafer is immersed ina 1 X 10—4m catalyst solu-
tion of ethyl titanate stearate in hexane and is subse-
quently rinsed with the same solvent. Aluminum then
precipitates uniformly on the substrate surface in the
aluminizing bath. The silver-bright and dull aluminum
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layer can be reinforced without further pretreatment by
eleetmplating with aluminum.

What is claimed 1is: -

1. A method for the currentless catalytic prec:1p1tat10n

of aluminum from aprotic alane complex baths on sur-
faces of insulating on conductive substrate materials,

said process comprising the steps of:

(a) contacting said substrate with a dilute solution of

a boundary surface active catalyst to activate the
surface of said substrate;

(b) thereafter intensively washing the substrate in an

aprotic solvent; and

(c) immersing said substrate in an aluminizing bath

comprised of an organic solution of trialkylamina-
lane.

2. A method according to claim 1 wherein said alumi-
nizing bath comprises a solution of trialkylaminalane in
a solvent mixture of aromatic and high-viscosity ali-
phatic compounds.

3. A method according to claim 1 wherein said alumi-
nizing bath contains from about 0.2 to about 10% of
trialkylaminalane by weight.

4. A method according to claim 3 wherein said
boundary surface active catalyst comprises a dilute
solution of a modified ester or acylate of a metal se-
lected from the group consisting of titanium, zirconium
and vanadium wherein one atom of said metal contains
a substituent selected from the group consisting of
short-chain and long-chain organic radicals.

5. A method according to claim 4 wherein the bound-
ary surface active catalyst is dissolved in a non-polar
solvent,

6. A method according to claim § wherein said non-
polar solvent is an aliphatic hydrocarbon containing 5
to 15 carbon atoms.

7. A method according to claim 3 wherein said
boundary surface active catalyst comprises a solution of
a chloride of a transition metal of the IV and V second-
ary group of the periodic system of the elements and a
water-containing metal soap of a polyvalent metal.

8. A method according to claim 7 wherein said
boundary surface active catalyst is dissolved in a non-

polar solvent.
9. A method according to claim 7 wherein said transi-

tion metal chloride is titanium tetrachloride.
10. A method according to claim 7 wherein said wa-

ter-containing metal soap is an aluminum soap.

11. A method according to claim 3 wherein the
aprotic solvent in which the activated substrate is
washed comprises an aprotic solvent having a boiling
point above about 100° C.

12. A method according to claim 4 wherein said
boundary surface active catalyst comprises an aliphatic
solution of from about 1 X 10—4to about 2% by weight
of a member selected from the group consisting of a
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8
mixed ester, acylate and partlally acylated ester of said
metals. .
13. A method aecordmg to claim 7 wherem said
boundary surface active catalyst comprises an ether

solution of said transition metal chloride and said metal
soap in the ratio of from about 2000:1 to about 200:1.
14. A method according to claim 13 wherein said

metal soap contains from about 1 X 10— to about 3%
water by weight. =

15. A method according to claim 11 wherein said
aprotic solvent is an aliphatic compound.

16. A method according to claim 3 wherein said alu-
minizing bath comprises a solution of from about 1 to
4% by weight trialkylaminalane in a 4:1 to 3:7 volume
mixture of paraffin oil and toluene.

17. A method according to claim 1 wherein said sub-
strate is an electronic component.

18. A method for the currentless catalytic precipita-
tion of aluminum from aprotic alane complex baths on
surfaces of insulating or conductive substrate materials,
said process comprising the steps of:

(a) contacting said substrate with a dilute solution of

a boundary surface-active catalyst selected from

the group consisting of:

1. a modified ester or acylate of a metal selected
from the group consisting of titanium, zirconium
and vanadium wherein one atom of said metal
contains a substituent selected from the group
consisting of short-chain and long-chain organic
radicals; and

2. a chloride of a transition metal of the IV and V
secondary group of the penodlc system of ele-
ments and a water-contalnlng metal sOap of a
polyvalent metal;

(b) thereafter mtenswely washing the substrate in an

aprotlc solvent; and |

(c) immersing said substrate in an aluminizing bath

comprised of an organic solution of trlalky]amma-

lane.

19. A method for the currentless catalytic precipita-
tion of aluminum from aprotic alane complex baths on
surfaces of insulating or conducting substrate materials,
said process comprising the steps of:

(a) contacting said substrate with a dilute solution of
a boundary surface active catalyst to activate the
surface of said substrate, said catalyst comprising a
halogen-free modifed ester or acylate of a metal
selected from the group consisting of titanium,
zirconium and vanadium wherein one atom of said
metal contains a substituent selected from the
group consisting of short-chain and long-chain
organic radicals;

(b) thereafter intensively washing the substrate in an

‘aprotic solvent; and
(c) immersing said substrate in an aluminizing bath

comprised of an organic solution trialkylaminalane.
S ® % % % = :




	Front Page
	Specification
	Claims

